We report a case of nasal rhinosporidiosis in a dog native to Uruguay, being the sixth report of Rhinosporidium seeberi infection in this host from South America. Diagnosis was made by histopathology of biopsied tissue and specific PCR assay from nasal swab material. The patient was a 3-year-old male dog, of the Dogo Argentino breed, living in a rural area in southeastern Uruguay. An account of published cases in dogs worldwide is provided. As seen in other hosts, male dogs seem to present a predisposition for acquiring the disease.
Introduction
Rhinosporidiosis is a granulomatous disease caused by the fungus-like ichthyosporean parasite Rhinosporidium seeberi (Dermocystida, Ichthyosporea), which is worldwide distributed in temperate and tropical regions (3) . The infection it produces is usually non-lethal and affects mainly mucous membranes, mostly nares, and occurs more frequently in humans and livestock, and only rarely in domestic dogs, cats and birds (4, 16, 25, 30) . The disease seems to be associated to the contact with running and stagnant ground waters, both in humans and animals (3) . Polypoid granulomatous masses are typical gross lesions of rhinosporidiosis in mucous membranes, but they may resemble several other infective and non-infective diseases (3) . The definitive diagnosis has been traditionally confirmed by histopathology, being characteristic the finding of several sporangia of around 300 μm, with endospores at different degrees of development (15) . No drugs have been proved to be broadly effective against R. seeberi, and surgical ablation of the granulomas is the treatment of choice (3) .
The first diagnosis of nasal rhinosporidiosis in dogs was made in Argentina, South America (19) . The disease was later reported from North America (27) , and more recently the first cases from Europe were communicated by Caniatti et al. (4) . These last authors also provided an account of other nine published reports of rhinosporidiosis in dogs, which include an additional one from Argentina, one from Canada, and seven more from USA. In this work we report a new case of infection by R. seeberi in a dog from South America, the first diagnosed in Uruguay, along with an update of the available information in these hosts.
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Case report
A 3-year-old dog, male, Dogo Argentino breed, was presented to the authors (JE, NL) in a private clinic in June 2017, with a seven-month history of sneezing. A noticeable reddish, non-bleeding mass protruded from the left nose. The lesion did not seem to be painful but occluded the nasal passage. Sneezing was present, along with scarce nasal discharge and almost no bleeding. At clinical examination, the patient looked otherwise healthy. The dog always lived in a rural area from southeastern Uruguay, in the outskirts of the city of Rocha, Departamento de Rocha, and was frequently used for hunting wild boars in wetlands. The owners allowed partial surgical removal of the granuloma, using electro scalpel, but without opening the anterior nares for further excision of affected tissue. The obtained biopsy was processed for routine histopathological examination, embedded in paraffin, sectioned at 5 μm, and stained with haematoxylin and eosin (H&E). The histopathological analysis revealed severe hyperplasic and lymphoplasmocytic rhinitis, with the presence of multiple fungal-like sporangia characteristic of R. seeberi (Fig. 1 ). The dog returned for clinical examination two months later, and the lesion recurred; sneezing was frequent, but no bleeding or signs of exercise intolerance were observed. At this time, swabbing of the nasal passage mucosa was made with a polyvinyl tipped swab (Puritan ®), from the external opening of the nare up to the visible portion of the lesion. The DNA from the swab was extracted using a commercial kit (QIAGEN ®) to attempt amplification of the 18S gene with Ichthyosporean specific primers following Feldman et al. (8) . Amplicons were sequenced in both senses at Macrogen Inc. (Seoul), and a 1206 pb fragment was obtained. We searched for similar sequences in the GenBank database (BLAST/Nucleotide BLAST/Standard Nucleotide BLAST/megablast), and found 100% identity with a previously published sequences of R. seeberi obtained from mammal hosts (10, 26) . Recurrence was observed, and a partial removal of the granuloma was made when sneezing got worse, about four months after the first surgery (Fig. 2) , and also eight months later in May 2018. During this 2-year follow-up period, the patient was in good condition, and with no other clinical signs of disease.
Discussion
Rhinosporidiosis in dogs seems to be an uncommon disease of the upper respiratory tract, as only 33 cases have been published worldwide, including the present one (Table 1) . In all of these cases the disease affected one nasal cavity, and the most remarkable symptoms were nasal discharge (almost invariably), usually sneezing, and less frequently snoring. The nasal discharge could be mucoid, but it is most commonly mucopurulent or haemorrhagic. Sneezing varied from intermittent episodes to paroxysmal crisis, sometimes being more severe during exercise. It is worth noticing that previously known cases of rhinosporidiosis in dogs from South America were diagnosed in endemic areas of northeastern Argentina (19) , Colombia (18) and coastal Brazil (2). However, no cases of dog infection have been reported from hyperendemic areas of Sri Lanka and India, from where most human cases are known and nasal rhinosporidiosis is common in livestock (28) . These differences may be related to the life cycle of R. seeberi host-specific strains (26) , or yet unidentified environmental constraints for parasite-host interactions. Canine clinical rhinosporidiosis seems to be sex biased, as there are 20 known cases in male dogs and only 9 in females. A comparable situation was seen in human case series studies, which suggest males are more likely to 94 be affected than females, as the occupational exposure of men to infective forms in soil and water is an important predisposing factor (3). A skewed sex ratio in dogs may also indicate that some yet unknown sex related factors may be involved. However, available sample size is still small for this assumption, and sex predisposition in dogs needs further study. The prognosis of rhinosporidiosis in dogs is benign, but recurrence after surgery is quite common. Medical treatment in dogs includes the use of dapsone (1), cefpodoxime proxetil (11) and ketoconazole (20) , combined with surgery. However, they correspond to a few clinical trials with no long-term follow-up to allow conclusions. Apart from dogs, cats are the only domestic carnivores occasionally reported as hosts of R. seeberi (22, 30) . Rarity of the disease in the domestic cat is probably due to their avoidance of ground water bodies. The diagnosis of rhinosporidiosis has been usually based on histopathology of biopsied material. However, other techniques may be accurate indicators of the presence of R. seeberi and may aid the clinician, like smears of polypoid masses (20) . Besides, specific PCR from nasal swabs as in our study case (eventually along with sequencing) would also allow the confirmation of rhinosporidial disease, being minimally invasive.
The present report is one of the few known native cases of rhinosporidiosis in Uruguay, as local information available to us concerning this disease corresponds mostly to old diagnoses, made on two human patients (6, 17) , four horses (32) , and one bovine (29) . The incidence of the disease is probably underscored in the country, as it seems to be endemic in many neighboring areas of eastern Argentina and southern Brazil.
